As one of the few remaining lakes that are freely connected with the Yangtze River, Poyang Lake exhibits large annual water level (WL) fluctuations. In this study, weekly samples were collected at the north end of Poyang Lake from September 2011 to December 2012, and we investigated the mechanism of limnological responses to fluctuations in the WL. The study covers three seasons that were associated with WL fluctuations ranging from 8 to 19 m. Spearman's rank correlations and multivariate non-metric multidimensional scaling analyses indicated that low and high WL periods differed in a number of water quality characteristics. The low WL period coincided with the non-growing season and was associated with the peak concentrations of nitrogen, the highest turbidity (Turb), and the lowest water temperature.
INTRODUCTION
The largest freshwater lake in China, Poyang Lake (28 W 22 0 -29 W 45 0 N, 115 W 47 0 -116 W 45 0 E), which is downstream of the Yangtze River, has a surface area of 3,283.4 km 2 and an average depth of 8.4 m. The lake is a tributary of the Yangtze River and directly exchanges and interacts with it. The lake-river interactions are complicated by surface discharges into Poyang Lake from five sub-tributaries (the Xiushui, Ganjiang, Fuhe, Xinjiang, and Raohe Rivers) in the Poyang basin and by climate variations in the region. The outcomes of these interactions determine the lake level and its annual and interannual variations, the expansion and contraction of the lake area and the droughts and floods in the lake basin.
Currently, the anthropogenic regulation of rivers, such as through the Three Gorges Dam (TGD) Project, have the role of reducing the discharge of the Yangtze River during the flood season and of increasing the river flow in the dry season (Dai et al. ) . Changes in the discharge and water level (WL) of the Yangtze River can change the blocking force of the river on outflows from Poyang Lake (Hu et al. ) and affect the WL, water storage, and seasonal variations. Zhang et al. () reported that the operation of the TGD intensified the extremes of the wet and dry conditions downstream of Poyang Lake, which, in particular, further reduced the WL over the dry period from late summer to autumn. These changes can put serious pressure on communities in the lake basin, e.g., WLs force changes in the water chemistry and biota both directly and indirectly The minimum value of chl a was observed in November during the low WL phase, while the maximum average concentration was observed in the high WL phase. 
Spearman's rank correlation and the NMDS analysis
The WLs were highly significantly and positively correlated with WTs (r ¼ 0.78, p < 0.0001, Table 1 between these variables and the WT were found. Chl a concentrations were significantly correlated with optical variables (SD: r ¼ 0.28, p < 0.0001; Turb: r ¼ À0.32, p < 0.0001) and nitrogen concentrations (TN: r ¼ À0.58, p < 0.0001; NO 2 -N: r ¼ À0.36, p < 0.0001; NH 4 -N:
r ¼ À0.48, p < 0.0001). A weak but inverse relationship between chl a and the TP concentration was found.
The separation of the points for Low A and Low B from
High WL indicated differences in the environmental parameters of the water between periods of low and high WL in Poyang Lake (Figure 7) . However, the between-site differences were not very strong. The environmental parameters of the water observed in the high WL (SD and chl a) were distinct from those observed in the low WLs (NO 2 -N, NO 3 -N, NH 4 -N, and COD).
DISCUSSION

Hydraulic phases
Poyang Lake, located in the floodplain of the Yangtze River, 
Physical and chemical variables in the low and high water seasons
The temporal-scale investigation in Poyang Lake confirmed that its heterogeneity was reflected in the narrower range of optical variables (SD, Turb, and SD:mean depth ratios) we examined (Figure 3) . These variables are also highly useful indicators of trophic status and ecosystem health Figure 3) , Poyang Lake is a turbid lake, and the Turb is the result of many unique factors. First, Poyang Lake is heavily exploited for commercial activities, particularly for sand excavation and transportation in the northern to note that the SD:mean depth ratios were also very low (<0.05) in Poyang Lake. Under those conditions, light limitation of the phytoplankton is expected to occur in the lake.
All evidence showed a strong seasonal fluctuation in the limnological variables, especially those for nutrients.
According to our records, nitrogen did not have the most pronounced concentrations at times of high water discharge but tended to peak during the periods of falling and low water in Poyang Lake (Figures 4 and 5 water periods in Poyang Lake, including greater sediment resuspension, the oxidation of exposed sediments in the floodplain with released nutrients being transported to the lake, simple concentration of the nutrients in a smaller volume of water, and increased water residence time leading to the accumulation of nutrients. Phosphorus was also influenced by fluctuations in the WL according to our results (Table 1) . However, the intra-annual variations in PO 4 -P and TP were not pronounced and were similar throughout the study, with slightly enhanced concentrations during the low water season (Figures 4 and 5) . 
Spearman's rank correlation analysis
The negative relationship of chl a with Turb suggests an important role of light limitation in Poyang Lake (Table 1) .
This result has been previously documented (Figure 3) .
The positive relationship of chl a with SD indicates that factors other than phytoplankton biomass (such as the sand mining and resuspended sediment) are driving SD and that the phytoplankton increase in biomass when those other factors are relatively low.
Negative correlations were observed between the chl a concentrations and nitrogen concentrations (Table 1) . 
Such inverse relationships between
Implications for the operation of the Poyang floodgate
According to the authorities of the Jiangxi government, the proposed Poyang floodgate will only be used to hold back water normally returning to the Yangtze River during the dry season (Li ) . This policy reveals a scenario of applying floodgate storage to maintain water resources in Poyang Lake when the WLs would normally be decreasing. In this case, the residence time of water in Poyang Lake would be prolonged, flow rates in the lake would be lowered, and water transparency might also be elevated. The lentic conditions diminish the potential effects of nutrients washing out of Poyang Lake. Consequently, high nutrient concentrations coupled with high water transparency may have the effect of increasing the biomass of phytoplankton in Poyang Lake.
CONCLUSIONS
The WL in Poyang Lake ranged from approximately 8 to 19 m during our study. These large WL fluctuations seemed to be the principal driver for physical and chemical variables in this ecosystem, which are mainly characterized by an enhanced pool of nitrogen associated with the highest Turb during the low water period. The many correlations related to the seasonal phytoplankton development, such as the inverse relationship between chl a and nitrogen and the co-variation between chl a and SD water transparency, may be related to the nature of this naturally flooded ecosystem. These findings strongly underpin the need to develop a specific assessment for this large floodplain lake because the seasonal development of water transparency and nutrient dynamics in Poyang Lake differs in principle from what is commonly found for permanent lentic systems. Additionally, our study provides baseline data for a future assessment of ecological change.
